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M-mode echocardiograms were derived from the 2-dimensional images and left ventricular (LV) and left atrial dimensions (LAd) were measured. The LV ejection fraction (LVEF) was calculated by the modified Simpson's method. 9 The measurements were carried out at end-expiration.
Transesophageal echocardiography was performed before surgery with a multiplane 7.5-MHz transducer. Patients were studied in the fasted state after topical anesthesia of the hypopharynx with 2% lidocaine viscous and 10% lidocaine spray. The left atrial (LA) and LA appendage (LAA) were inspected closely for the presence of thrombus and spontaneous echo contrast.
Measurement of LAA Doppler velocity profiles, especially the peak LAA outflow velocity (LAA-V) by transesophageal echocardiography has recently been described for assessing LAA function. [10] [11] [12] [13] [14] The LAA-V profiles were obtained by pulse Doppler interrogation at the orifice of the LAA. Peak outflow velocity signals within each RR interval were averaged over a minimum of 6 cardiac cycles for patients studied during AF. Interobserver differences in the measurement of LAA-V were determined in all patients from values obtained by 2 observers.
Surgical Procedure and Cryoablation of the PV
The surgery was performed with a standard cardiopulmonary bypass with mild hypothermia and cold blood cardioplegia. After initiation of cardiopulmonary bypass, a left-sided vertical atriotomy was extended to the left margin of the left PV. Cryoablation (-60°C for 2 min) was applied with a spherical cryoprobe (20 mm in diameter) and the orifices of 4 PV were encircled by the cryoprobe. No further atriotomy was performed on the atrial septum or right atrium. After completion of these procedures, the primary surgical procedure was performed. All patients in this series were operated on by the same surgical team.
Statistical Analysis
Data are expressed as the mean ± SD. Comparisons of mean changes in groups SR and AF were performed by a 2-way ANOVA with post hoc testing. Categorical variables were compared using the chi-square test or the Fisher exact test, when appropriate. Results were considered to be statistically significant at p<0.05.
Results
All the PV-cryo procedures lasted less than 15 min. There were no intra-or perioperative complications.
In the group of patients who underwent PV-cryo at the time of heart surgery, SR was restored in 67 patients (87%) immediately after PV-cryo (Fig 1) , but 10 patients continued to have persistent AF. Of the 67 SR patients 55 developed AF after PV-cryo, 24 had SR restored by means of intravenous injection of antiarrhythmic agents and 18 patients had SR restored by means of direct current cardioversion. The remaining 13 patients did not recover SR. Four of the 10 patients who remained in AF after PV-cryo had SR restored by means of direct current cardioversion. However, all of the patients developed recurrent AF and No statistically significant differences were found with respect to gender, age or underlying heart disease between the 2 groups (Table 2) . However, the AF-D was significantly longer, the LAd greater, and the LAA-V slower in group AF than in group SR. No significant differences were found with respect to LVEF or surgical parameters (Table 3) between the SR and AF groups.
Patients with an AF-D ≤3 years (n=37, 48% of all patients) were in the SR group and patients with an AF-D >10 years (n=11, 14% of all patients) were in the AF group (Table 4) . There were 17 patients (59%) with 3< AF-D ≤10 years (n=29, 38% of all patients) in the SR group.
Patients with a LAd <45 mm (n=7, 9% of all patients) were in the SR group and patients with a LAd ≥65 mm (n=8, 10% of all patients) were in the AF group. There were 47 patients (76%) with 45≤ LAd <65 mm (n=62, 81% of all patients) in the SR group.
Patients with a LAA-V >40 cm/s (n=21, 27% of all patients) were in the SR group and there were 12 patients (86%) with 30< LAA-V ≤40 cm/s (n=14, 18% of all patients), as well as 15 patients (71%) with 20< LAA-V ≤30 cm/s (n=21, 27% of all patients) and 6 patients (29%) with a LAA-V ≤20 cm/s (n=21, 27% of all patients).
The relationships between LAd and AF-D and between LAA-V and AF-D are indicated in Figs 2 and 3, respectively.
Discussion
We developed a simple PV-cryo procedure performed at the time of cardiac surgery to cryoablate the orifices of the 4 PV, based on the report by Haissaguerre et al 7 that the vast majority of atrial premature beats that initiate AF originate in the PV and that their orifices might act as the focus for chronic AF. The purpose of the present study was to determine the short-term results of simple PV-cryo for chronic AF.
The actuarial elimination rate of AF was 70% at 2-3 weeks after PV-cryo. In the setting of mitral valve insufficiency, Chua et al reported their experience with 97 patients with chronic AF, with 20% of them regaining SR after successful valve repair alone, though that study did not include a matched set of patients. 15 The AF elimination rate in our study was higher than without PV-cryo.
The maze procedure is effective in eliminating AF in the majority of patients, [16] [17] [18] [19] but its application is limited by the complexity of the technique, which requires an intricate pattern of atrial incisions, extensive suturing, significant blood loss, and prolonged cardiopulmonary bypass time. 20 Simple surgical procedures against AF have been recently described. [20] [21] [22] [23] [24] [25] Graffigna et al reported that 72% of 88 patients with chronic AF and mitral valve disease returned to SR after LA isolation procedures; 21 Sueda et al devised a simple LA procedure to eliminate chronic AF during mitral valve surgery, with 91% of 11 patients maintaining SR; 22 Gaita et al 20 performed limited posterior LA cryoablation in 32 patients with chronic AF during valvular heart surgery, and SR was successfully restored in 78%; Imai et al reported 74% of patients in SR after 32 simple LA procedures for chronic AF combined with mitral valve surgery; 23 and Kalil et al reported that 92.3% of 15 patients with mitral valve disease returned to SR after simple surgical isolation of the PV. 24 Our finding that 54 (70%) of 77 patients remained in SR after discharge is a reasonable outcome despite the inclusion of patients with a long (>10 years) AF-D (n=11, 14% of all patients), large (≥65 mm) LAd (n=8, 10% of all patients), and low (≤20 cm/s) LAA-V (n=21, 27% of all patients). Long-standing AF, 26-28 a large LA [26] [27] [28] [29] [30] (especially, LAd ≥65 mm 29, 30 ), and low LAA-V [31] [32] [33] [34] [35] have been shown to be negative predictive factors for both the restoration and maintenance of SR. Yuda et al reported that AF-D was significantly longer in patients with a giant LA than those without 29 and it is known that LAA-V is closely related to LA size. 35 Thus, AF-D, LAd, and LAA-V are related. Most patients with a giant LA do not show effective atrial contraction possibly because of fibrotic and calcified degeneration of the LA myocardium. 29, 36 More advanced structural and pathological changes in the atria have been reported in patients with chronic AF 37 and they appear to be duration dependant, 38 which may be the reason why AF originates from the non-PV foci and PV-cryo cannot restore and maintain SR in those patients.
A limitation of this study was that we did not confirm whether or not all orifices of the 4 PV were completely isolated electrically. Because of the many variations in the structure or/and location of these orifices, there is some possibility that complete isolation of the 4 PV could not be achieved with cryoablation.
In our study, we chose to limit the part of the orifice of the 4 PV involved in the procedure as much as possible to reduce the time of the surgery and to preserve normal atrial contractility, and we used only cryoenergy to perform the orifice lesion. Furthermore, the procedure required less than 15 min and was thus acceptable as a concomitant procedure for open heart surgery.
Conclusions
Patients with AF undergoing PV-cryo who had an AF-D ≤3 years, LAd <45 mm or LAA-V >40 cm/s had SR restored and maintained. Patients with an AF-D >10 years or LAd ≥65 mm either did not have SR restored or reverted to AF at discharge. Whether restoration of AF to SR is initially successful by PV-cryo can be predicted from the AF-D, LAd and LAA-V measurements.
